Introduction {#sec1}
============

Patients after organ transplantation are at a higher risk of developing different malignancies compared to the general population. Skin neoplasms are the commonest among them. It is estimated that the prevalence of developing non-melanoma skin cancer (NMSC) in this group of patients is 6 to 200-fold higher than in the general population \[[@cit0001]\]. Immunosuppression, viral infection, sunlight, time after transplantation and older age at the moment of transplantation, are the main risk factors \[[@cit0002]\].

Immunosuppressive therapy always follows allogenic transplantation and is necessary for the maintenance of the graft's function. Tolerance towards alloantigens in organ transplant recipients (OTRs) can be established either by cytotoxic cells activity inhibition, or by stimulation of regulatory T cells (Tregs). However, the high activity of regulatory lymphocytes can lead to such complications as opportunistic infections and malignancies \[[@cit0003]--[@cit0005]\].

Drugs used in immunosuppressive regimens after organ transplantation inhibit the immune system in different ways; calcineurin inhibitors (CNIs) deeply decrease both cytotoxic and regulatory cells, while the mammalian target of rapamycin inhibitors (mTORi) suppresses the regulatory activity to a lower extent. It has been noticed that the incidence of MNSC, especially squamous cell carcinoma (SCC) in patients treated with CNIs is higher than in those who are treated with mTORi \[[@cit0006], [@cit0007]\].

Aim {#sec2}
===

In our study we investigated the quantitative changes in Tregs in peripheral blood of OTRs with post-transplantation skin neoplasm after conversion to mTOR inhibitors (mTORi) and the incidence of secondary skin cancer in that group of patients.

Material and methods {#sec3}
====================

Patients {#sec3.1}
--------

Fourteen cadaver kidney recipients (11 males, 3 females) aged on average 59.7 (range: 40--73) years, after on average 10.5 (range: 2--19) years since transplantation were diagnosed with skin neoplasm, and due to this fact they have been converted to mTORi. Seven patients were diagnosed with single basal cell carcinoma (BCC), 2 patients with single SCC and 1 with melanoma. Four patients presented recurrent NMSC, usually both types. The histological diagnosis of skin malignancies was performed after surgical excision. Patients with autoimmune and inflammatory diseases were not included into the study.

In 6 cases, azathioprine (Aza) was converted to everolimus, in 4 cases CNI was converted to everolimus, in 3 cases mycophenolate mofetil (MMF) was converted to everolimus, and in 1 case Aza was converted to sirolimus.

The blood samples were taken before and 6 months after conversion. During this period of time patients remained stable. Neither exacerbation of the chronic disease nor acute disorder was noted at the time of blood sample collection.

The control group for clinical evaluation consisted of eighteen OTRs aged on average 61 (range: 38--72) years, after on average 10 (range: 3--19) years after transplantation, who were diagnosed with skin cancer in 2010--2014 (years of conversion in the investigated group). Eleven patients developed single BCC, 4 single SCC, 3 developed multifocal skin cancers, among them 1 -- both types of NMSC. Neither of patients had more than three lesions. Those patients, after skin cancer diagnosis were maintained on currently-used immunosuppressive therapy. Twelve patients were treated with corticosteroids, CNI and MMF, three patients with CNI and MMF and three patients with corticosteroids, CNI and Aza.

Lymphocyte phenotyping {#sec3.2}
----------------------

Five milliliters of venous peripheral blood from patients was collected in EDTA-coated tubes. Blood samples of 50 ml per tube were transferred for staining with monoclonal antibodies and red blood cells (RBCs) lysis. Blood cells were incubated with the following antibodies: FITC-conjugated anti-CD3, RPE-Cy5-conjugated anti-CD4 or RPE-Cy5-conjugated anti-CD8 (DAKO, Denmark) and PE-conjugated anti-CD25 (BD-Pharmingen, USA) for 30 min at 4°C. After antibody staining, RBCs were lysed with a buffer containing 0.8% NH~4~Cl and 0.1% KHCO~3~. Finally, cells were re-suspended in 200 ml of phosphate-buffered saline (PBS) analyzed with flow cytometry using FACScan instrument (Becton Dickinson, USA).

Analysis {#sec3.3}
--------

The obtained FCS data were analyzed with Cyflogic, version 1.2.1 (CyFlo Ltd, Finland). T cells were selected on the basis of their forward and side scatter characteristics and CD3, CD4 and CD8 expression. T regulatory cells were identified based on the expression of CD4 and CD25 antigens. According to Bryl *et al.* \[[@cit0008]\], a significantly low expression of CD4 simultaneous with a high expression of CD25 is a sufficient marker of functional human Tregs. Cells with this phenotype express perforin and granzyme B which allows them to kill effector cells directly. Therefore, we used this phenotypic criterion to analyze proportions of CD4^+^CD25 cells (naive T cells), CD4^+^CD25^+^ cells (activated T cells) and CD4^low^CD25^high^ cells (Tregs) within a population of CD4^+^ cells in patients.

Statistical analysis {#sec3.4}
--------------------

Statistical analysis was done using the Statistica program, version 12 (StatSoft, Inc. (2014) Statistica (data analysis software system), version 12. [www.statsoft.com](http://www.statsoft.com)). The significance tests were chosen according to data distribution with a level of significance *p* \< 0.05.

Results {#sec4}
=======

First, we compared proportions of T lymphocytes in kidney recipients *ex vivo* before and after conversion to mTORi taking into account percentages of CD4^+^ and CD8^+^ cells. No changes were seen in the percentage of CD3^+^ cells and CD4^+^ cells after 6 months of treatment with mTORi ([Figures 1 B](#f0001){ref-type="fig"} and [C](#f0001){ref-type="fig"}, respectively). Meanwhile, the percentage of CD8+ cells was significantly increased after 6 months of mTORi administration ([Figure 1 D](#f0001){ref-type="fig"}). In some patients, percentages of CD8+ were similar to the percentages of CD4+ cells during treatment with mTORi ([Figure 1 A](#f0001){ref-type="fig"}), however the difference in CD4/CD8 ratio has not reached statistical significance; calculated *p* was 0. 073595 ([Figure 1 E](#f0001){ref-type="fig"}).

![Comparison of percentages of T cells *ex vivo*. Representative dot-plots (**A**) show proportions of CD3^+^CD4^+^ and CD3^+^CD8^+^ cells before and after 6 months of therapy with mTORi. Graphs compare percentages of CD3^+^ (**B**) CD3^+^CD4^+^ (**C**), CD3^+^CD8^+^ cells (**D**) and CD4/CD8 ratio (**E**) before and after 6 months of therapy with mTORi. Midpoints of figures present medians, boxes present 25^th^--75^th^ percentiles and whiskers present the minimum and maximum values observed, Wilcoxon test, *p* \< 0.05](PDIA-35-77237-g001){#f0001}

[Figure 2 A](#f0002){ref-type="fig"} shows representative analysis of the proportion of CD4^+^CD25^--^, CD4^+^CD25^+^ and CD4^low^CD25^high^ cells within the CD4^+^ population in a patient before and after conversion to mTORi. Rhomboid regions were adopted, as suggested by Bryl *et al.* \[[@cit0008]\], because of visible overlapping of the lowest CD25 signal level shown by the CD4^low^ population and the highest one shown by other CD4^+^ cells. Although we have found no significant difference between the percentages of CD4^+^CD25^--^ or CD4^+^CD25^+^ cells after 6 months of mTORi administration ([Figures 2 B](#f0002){ref-type="fig"} and [C](#f0001){ref-type="fig"}, respectively) and the difference in percentages of CD4^low^CD25^high^ cells has not reached the level of statistical significance (calculated *p* was 0.096198), a decrease in the ratio of CD4^+^CD25^+^ to CD4^low^CD25^high^ from 6.52 to 4.29 after changing the treatment was observed ([Figure 2 E](#f0002){ref-type="fig"}, [Table 1](#t0001){ref-type="table"}).

###### 

Percentages of activated and regulatory T cells within CD4^+^ population *ex vivo*

  Variable                                 Before mTORi (median, min.--max.)   6 months on mTORi (median, min.--max.)
  ---------------------------------------- ----------------------------------- ----------------------------------------
  CD4^+^CD25^--^ cells (%)                 78.11, 49.90--92.98                 80.10, 59.42--90.87
  CD4^+^CD25^+^ cells (%)                  19.51, 5.58--44.60                  16.81, 6.41--35.24
  CD4^low^CD25^high^ cells (%)             3.08, 1.44--5.56                    3.41, 2.38--7.48
  CD4^+^CD25^+^/CD4^low^CD25^high^ ratio   6.52, 3.51--10.69                   4.29, 2.09--10.61

![Comparison of activated and regulatory T cells within CD4^+^ population *ex vivo*. T regulatory cells were identified based on a low expression of CD4 simultaneously with a high expression of CD25. Representative dot-plots (**A**) show proportions of CD4^+^CD25^--^, CD4^+^CD25^+^ and CD4^low^CD25^high^ cells before and after 6 months of therapy with mTORi. Graphs compare percentages of CD4^+^CD25^--^ (**B**) CD4^+^CD25^+^ (**C**), CD4^low^CD25^high^ cells (**D**) and CD4^+^CD25^+^/CD4^low^CD25^high^ ratio (**E**) before and after 6 months of therapy with mTORi. Midpoints of figures present medians, boxes present 25^th^--75^th^ percentiles and whiskers present the minimum and maximum values observed, Wilcoxon test, *p* \< 0.05](PDIA-35-77237-g002){#f0002}

We have found no correlation between the proportions of different lymphocyte subsets and white blood cell count or lymphocyte count.

In clinical follow-ups, duration from 2 to 6 years, the recurrence of skin neoplastic disease was observed in one patient converted to mTORi, and in 8 patients in whom mTORi were not introduced. The incidence of secondary skin cancer was statistically significant lower in the investigated group than in the control one (χ^2^ test, *p* = 0.022). Moreover, introducing mTORi to the immunosuppressive regimen significantly improved progression-free survival in this group of patients ([Figure 3](#f0003){ref-type="fig"}).

![Progression-free survival in the investigated group (IG) and the control group (CG), test log-rank *p* \< 0.05](PDIA-35-77237-g003){#f0003}

Discussion {#sec5}
==========

Long-life immunosuppressive therapy required for graft survival is the main cause of skin complications in solid organ transplant recipients. Organ transplant recipients with induced immunodeficiency are prone to develop cutaneous infections and skin malignancies. It is estimated that the prevalence of NMSC is higher with each year after transplantation and can reach even up to 80% twenty years after transplantation \[[@cit0009]--[@cit0011]\]. Data show that the incidence of skin cancer is higher in cyclosporine- and Aza-treated renal allograft recipients than in those treated with newer agents such as MMF, tacrolimus and sirolimus \[[@cit0012]--[@cit0014]\]. Carcinogenesis not only results from the drug immunosuppressive activity but also from its direct mutagenic impact on cells.

mTOR inhibitors are the newest group of agents used in immunosuppressive regimens after solid organ transplantation. They inhibit mTOR signaling pathway by downregulation of p70S6 kinase activity, what arrests the cell cycle in G1 phase. They seem to be a very promising option for renal transplant recipients due to their low nephrotoxicity, antifibrotic and vascular protective properties, and what is the most important, some anti-cancer properties \[[@cit0015]--[@cit0017]\]. The latter properties derive from their ability to inhibit cells proliferation and neovascularization \[[@cit0018], [@cit0019]\]. Recent studies have shown that introduction of mTORi to immunosuppressive regimens reduce the risk of recurrence of skin cancer and conversion from CNI to mTORi is recommended for OTRs with already-recognized skin malignancies \[[@cit0020]--[@cit0023]\]. De Fijter *et al.* described 53 kidney transplant recipients with post-transplant NMSC, of which 37 underwent remission after switching CNIs to m TORi \[[@cit0024]\]. Euvrard *et al.* in the TUMORAPA study demonstrated that survival time free of subsequent SCC is significantly longer in the patients switched to sirolimus than in the group maintained on CNI \[[@cit0025]\].

Regulatory cells are a heterogeneous group of lymphocytes, which in healthy individuals limit the immune reactions toward self-antigens. Cells with the phenotype CD4^+^CD25^high^ and expression of the transcription factor FoxP3 was the first described group of lymphocytes with regulatory activity \[[@cit0026]\]. Further studies revealed that suppressive lymphocytes CD8^+^CD28^--^ also can play a regulatory role \[[@cit0027]\]. The activity of Tregs prevents allergy and auto-immune disorders in immunocompetent individuals and in organ transplant recipients induce tolerance towards the specific graft antigens. The latter activity could result in reduction of dosage of other agents in individual immunosuppressive regimens, thus lowering the risk of side effects. Nevertheless, it must be remembered that a high number of regulatory cells can result in opportunistic infections and neoplasms \[[@cit0028]--[@cit0030]\]. Inhibitors of mTORi modulate differently the number and function of circulating Tregs in comparison with CNI. CNIs inhibit FoxP3 expression and suppress Tregs functions, while mTORi preserve the suppressive activity and survival of Tregs \[[@cit0031]\].

In our study we analyzed the percentage of so-called "natural" Tregs which develop in the thymus. These cells can be identified based on a low CD4 expression simultaneously with a high CD25 expression, as shown by Bryl *et al.* \[[@cit0008]\]. We chose this type of regulatory lymphocytes as they are most widely described in the literature and the expression of their marker, transcription factor FOXP3, is controlled via mTOR pathway \[[@cit0032]\]. We have shown that 6 months after mTORi introduction, the proportions of activated T cells (CD4^+^CD25^+^) to Tregs (CD4^low^CD25^high^) decreased from 6.52 to 4.29 (*p* = 0.035). The same impact on regulatory cells have been observed by San Segundo *et al.*; 12 months after transplantation, the number of CD4^+^CD25^high^FoxP3+ T cells was significantly lower in the cyclosporine-treated patient than in rapamycin-treated ones \[[@cit0033]\]. This tendency has been confirmed in another study; 3 months after conversion from CNIs to mTORi, a significant increase in the absolute number of Tregs was noticed \[[@cit0034]\]. Carroll *et al.* has also shown a significant increase in the number of Tregs 6 months after conversion to sirolimus \[[@cit0035]\]. Hendrikx *et al.* investigated RTRs who were converted to monotherapy with tacrolimus, rapamycin or MMF \[[@cit0036]\]. Six months after conversion, a significant increase in circulating CD4+CD25^high^FoxP3^+^ was seen only in the rapamycin group.

In a follow-up of a mean duration of 3.8 years, we observed only 1 case of secondary skin cancer appearance in the investigated group. The subsequent skin malignancy was recognized 15 months after conversion in a patient, who had developed multiple (three) tumors before conversion to mTORi. The incidence of secondary skin neoplasm was statistically significant lower and the progression-free survival was better in the investigated group comparing to the control one.

Conclusions {#sec6}
===========

We would like to underline that introduction of mTORi to the immunosuppressive regimen increases the level of regulatory cells in peripheral blood in kidney transplant recipients, decreasing the risk of developing skin malignancies at the same time. Furthermore, the induction of the graft specific function of host Tregs may in the future allow reduction of the immunosuppression needed after organ transplantation.
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